Recently, neuronal correlates of acupuncture stimulation in human brain have been investigated by functional neuroimaging. The preliminary findings suggest that acupuncture at analgesic points involves the pain-related neuromatrix and may have acupoint-brain correlation. Although multiple models of control stimulations have been applied to address the specificity of the needling effect clinically, their impacts have not been evaluated by functional neuroimaging. With the advantage of objective parameter setting, electroacupuncture (EA) was used in this study to devise three distinct controls for real EA, i.e., mock EA (no stimulation), minimal EA (superficial and light stimulation), and sham EA (same stimulation as real EA) applied at nonmeridian points. Fifteen healthy volunteers received real EA at analgesic point Gallbladder 34 (Yanglinquan), sham EA, and one of either mock EA or minimal EA over the left leg in counter-balanced orders. Multisubject analysis showed that sham EA and real EA both activated the reported distributed pain neuromatrix. However, real EA elicited significantly higher activation than sham EA over the hypothalamus and primary somatosensory-motor cortex and deactivation over the rostral segment of anterior cingulate cortex. In the comparison of minimal EA versus mock EA, minimal EA elicited significantly higher activation over the medial occipital cortex. Single-subject analysis showed that superior temporal gyrus (encompassing the auditory cortex) and medial occipital cortex (encompassing the visual cortex) frequently respond to minimal EA, sham EA, or real EA. We concluded that the hypothalamuslimbic system was significantly modulated by EA at acupoints rather than at nonmeridian points, while visual and auditory cortical activation was not a specific effect of treatment-relevant acupoints and required further investigation of the underlying neurophysiological mechanisms. © 2002 Elsevier Science (USA)
INTRODUCTION
Although the acupuncture of traditional Chinese medicine has gained increasing popularity in modern health care for the past few decades, the scientific basis of acupuncture was not investigated until the 1970s. Among the versatile applications of acupuncture therapy, acupuncture analgesia has the most supporting neurobiological evidence for its effect (Han, 1982; NIH Consensus Conference, 1998) . However, the investigation of neuronal correlates of acupuncture in human brain was limited by the lack of a noninvasive method until the recent development of functional brain imaging. With functional magnetic resonance imaging (fMRI) or positron emission tomography (PET), evidence that acupuncture stimulation at analgesic points, such as Large Intestine 4 (LI4) and Stomach 36 (ST36), might modulate the pain-related neuromatrix, i.e., the hypothalamus-limbic system has accumulated (Wu et al., 1997 , Hui et al., 2000 Hsieh et al., 2001; Biella et al., 2001) . In addition, a correlation between stimulation at acupoints of proclaimed therapeutic effect for eye disease (Bladder 67, Gallbladder 37 (GB37)) or ear disease (Gallbladder 43 (GB43) ) and activation of corresponding brain cortices (visual cortex or auditory cortex, respectively) have been reported (Cho et al., 1998 (Cho et al., , 2001 ). These findings suggest that cerebral activation responding to acupuncture stimulation may shed light on the central mechanism of the acupuncture effect.
Given the fact that acupuncture produces a unique somatosensory reaction, DeQi, it is a methodological challenge to find appropriate controls in conducting single-blinded clinical acupuncture trials (Vincent and Lewith, 1995) . It has been proposed that acupuncture induces both specific and nonspecific effects (Vincent et al., 1989; Vincent and Lewith, 1995; Ernst and White, 1997; Lao et al., 2001) . To examine acupoint specificity, sham acupuncture was initially devised with needling at nonmeridian points with needle depth, stimulation intensity, and manipulation method identical to those used in real acupuncture (Richardson and Vincent, 1986) . However, sham acupuncture has been found to have certain therapeutic effects and cannot be considered a valid placebo. Alternatively, minimal acupuncture (with very light stimulation at superficial nonmeridian points) has been assumed to minimize the therapeutic effect while triggering most of the nonspecific effects of needling (Vincent and Lewith, 1995) . In addition, placebo acupuncture (no needle insertion) or mock electroacupuncture (without current applied) have been devised to examine the psychological impact of needling while minimizing both therapeutic and nonspecific effects of needling (Richardson and Vincent, 1986) . Although these aforementioned different models of control stimulations have been applied in many clinical acupuncture studies, their impacts on human brain reaction have not been well evaluated by functional brain images in an identical study.
Electroacupuncture (EA) has been developed as an alternative of manual acupuncture, especially in the application of acupuncture analgesia (Han, 1982) . It has the advantage of objective settings of stimulation parameters and therefore facilitates development of several distinct models of control stimulation for real EA. In the present study, we used EA at Gallbladder 34 (GB34) (Yanglinquan; an important analgesic acupoint especially for disorders of muscle and tendon) as the study acupoint to test (1) whether EA at an analgesic point (GB34) can activate the pain-related neuromatrix, which may underscore its analgesic mechanism as previously reported by manual acupuncture, and (2) whether the visual and auditory cortex, which have been found to be activated by acupuncture at treatment-relevant GB37 and GB43, respectively (Cho et al., 2001) , can be activated also by an analgesic point not relevant to treatment for eye or ear diseases. We also hypothesized that the use of multiple models of control stimulations, i.e., mock EA, minimal EA, and sham EA ( Fig. 1 and Table 1 ), can help address the specificity of neuronal expression of the above issues.
SUBJECTS AND METHODS

Subject Preparation
Fifteen healthy volunteers (age 20 -30 years; 10 males, 5 females), all right-handed, were enrolled. All of the subjects had not experienced EA before, and they were given the following instructions before the start of the fMRI experiments. They were informed that different models of EA at various points might be used for comparison. However, the precise locations of needling, the presumed acupuncture effects, and the stimulation paradigm were not divulged. Before the actual fMRI experiments took place, an EA practice session was performed to determine the maximal intensity of EA stimulation that the subject could bear. The practice session was performed on the subject's right leg in a setting similar to that inside an MRI scanner. However, the subjects were not informed what kind of EA was used for the test. During the experiment, the subjects were requested to keep their eyes closed and to use earplugs and headphones to reduce scanner noise. A head stabilization set (Psychology Software Tools, Inc., Pittsburgh, PA) was applied to fix the mandible and adhesive strips were used to fix the forehead and thereby minimize head motion. Informed consent was obtained from each subject. The study was approved by our local Institution Review Board.
Psychophysical Rating of Needling Sensation (DeQi Score)
To evaluate the subjects' response to EA stimulation, self-reported characteristic needling sensation, i.e., DeQi in traditional Chinese medicine, was scored immediately after each session. The DeQi score was simplified as an overall mixture of several sensory perceptions, including numbness, soreness, heaviness, and propagation of the sensations (Beijing College of Traditional Chinese Medicine et al., 1993; Stux and Pomeranz, 1998) . A score of 0 denoted no somatosensory sensation at all, 5 denoted the emerging DeQi sensation, and 10 denoted the subject's maximal tolerable DeQi. In cases in which subjects felt pain, notes were made.
Paradigm and Block Design
We applied four models of stimulation, i.e., mock EA, minimal EA, sham EA, and real EA, over the subjects' left legs. The resting states in all four paradigms were characterized by the absence of needling and stimulation. The definitions of the four paradigms are described in detail in Table 1 and the point locations are indicated in Fig. 1 (Beijing College of Traditional Chinese Medicine et al., 1993; Stux and Pomeranz, 1998) . One experienced acupuncturist performed all the acupuncture procedures with the use of a dedicated EA device (VGH-82A; Skylark Co., Taiwan, R.O.C.). Another observer who was blinded to the study protocol was assigned to record the needling location and the current (mini-Ampere (mA)) of EA stimulation.
Each experimental session was composed of five blocks lasting 1 min each: Rest-Stimulation-Rest-Stimulation-Rest. The two stimulation blocks in a given session were of the same model. Each subject participated in three experimental sessions: one session of sham EA (N ϭ 15), one session of real EA (N ϭ 15), and one of either mock EA (N ϭ 7) or minimal EA (N ϭ 8). The orders of the three sessions were randomized to be counter balanced. A 15-min interval was interposed between two consecutive sessions.
Magnetic Resonance Imaging
MRI was performed on a 1.5 T MR imager (Signa, GE, Milwaukee, WI) with the following protocols: (1) high-resolution structure images of the whole brain with a T1-weighted three-dimensional (3D) spoiled gradient recall echo sequence; TR ϭ 50 ms, TE ϭ 9 ms, flip angle ϭ 50°, 60 contiguous slices, voxel size ϭ 0.94 ϫ 0.94 ϫ 2.9 mm 3 , average ϭ 1; (2) a T1-weighted 2D spin echo axial images parallel to the anterior commissure-posterior commissure line from skull base to vortex; slice thickness ϭ 5 mm, interslice gap ϭ 1 mm, 20 slices, voxel size ϭ 0.94 ϫ 0.94 ϫ 5 mm 3 for structural reference of functional images; and (3) a blood oxygenation level-dependent (BOLD)-contrast functional images; the slice locations were identical to those of the 2D T1WI structure images; TE ϭ 50 ms, flip angle ϭ 90°; voxel size ϭ 3.75 ϫ 3.75 ϫ 6 mm 3 , 20 slices, whole brain scan repeated once every 3 s and 100 times in each session.
Image Preprocessing
fMRI data were analyzed using Matlab (Math Works Inc., Natick, MA) and statistical parametric mapping (SPM99; Wellcome Department of Cognitive Neurology, London, UK). The procedure is summarized below; cited references provide fuller mathematical details (Friston et al., 1995; Ashburner and Friston, 1999) .
The data were pretreated by removing the first four images to eliminate nonequilibrium effects of magnetization. All volumes of functional images were spatially realigned to the first image to correct for movement using least-squares minimization. A mean image created from the realigned volumes was coregistered with the subject's individual structural T1-weighted volume image. The structural volumes were then spatially normalized to the standard template of the Montreal Neurological Institute (MNI) with nonlinear basis functions (Ashburner and Friston, 1999) . The derived spatial transformation was then applied to the realigned BOLD-contrast image volumes with resampling every 3 mm using sinc interpolation, which were finally spatially smoothed with a 9-mm FWHM isotropic Gaussian kernel, to make comparisons between subjects. The resulting time series across each voxel were high-pass filtered with a cutoff of 240 s, using cosine functions to remove section-specific low-fre- 1 min ϫ 2 blocks 1 min ϫ 2 blocks 1 min ϫ 2 blocks 1 min ϫ 2 blocks 1 min ϫ 3 blocks a The locations described here were for one of the paired EA needles. The other needle was placed 1 cm proximally along the gallbladder meridian for real EA or along an imaginary line for the other types of EA.
b GB34, Yanglinquan, is located at the point of intersection of the lines from the anterior and inferior borders to the head of the fibula (Stux and Pomeranz, 1998) .
FIG. 1.
Illustration of location of the GB34, "Yanglinquan" (solid circle) for real EA and the points for sham EA (empty circle) and minimal EA or mock EA (empty triangle). All are located over the lateral aspect of the left leg.
quency drifts in the BOLD signal. The coordinates of activation foci were converted approximately from the MNI coordinates reported using statistical parametric mapping (SPM99) to Talairach coordinates (Talairach and Tournoux, 1988) 
Statistical Inference
Two levels of statistical inference were used, in accordance with the established SPM conventions discussed in detail elsewhere (Friston et al., 1995; Ashburner and Friston, 1999) .
Multisubject analysis. The data were analyzed statistically on a voxel-by-voxel basis using a general linear model with boxcar stimulus functions convolved with a hemodynamic response function to each experimental block. Each contrast produced a statistical parametric map of the t statistic for each voxel SPM(t), which was subsequently transformed to a unit normal Z distribution, SPM(Z), for display and tabulation. We used the fixed-effect model because of the known tendency of individuals to respond variably to acupuncture and because we were making inferences about these normal subjects only. The data were thresholded at P Ͻ 0.05 corrected for multiple comparison (t threshold ϭ 4.38) and a spatial extent threshold of 15 voxels. The spatial extent threshold was not applied in the analysis of the hypothalamus, since the target volume is small. The activation foci were superposed on the standard T1 template images.
Single-subject analysis. We used the subject's own brain without spatial normalization to identify the precise activation foci (Fig. 5) . To do this, we first coregistered the realigned T2*-weighted BOLD images with the subject's high-resolution T1-weighted volume images, followed by spatial smoothing with a 6-mm FWHM isotropic Gaussian kernel. The data were analyzed statistically on a voxel-by-voxel basis using a general linear model with boxcar stimulus functions convolved with a hemodynamic response function to each experimental block. Each contrast produced a statistical parametric map of the t statistic for each voxel SPM(t), which was subsequently transformed to a unit normal Z distribution, SPM(Z), for display and tabulation. The activation survived an uncorrected height threshold of P Ͻ 0.01, t ϭ 2.37 without the spatial extent threshold being reported. The activation foci were superposed on subject's own high-resolution T1-weighted volume images to display the precise location of activation.
RESULTS
DeQi Score and EA Current
The DeQi scores of subjects receiving mock EA (1.52 Ϯ 0.70) were significantly lower than all the others (P Ͻ 0.001 for all). The DeQi scores of subjects receiving real EA (7.88 Ϯ 1.76) were significantly higher than those of sham EA (5.62 Ϯ 2.05) (Wilcoxon signed ranks test, P ϭ 0.03) and those of minimal EA (4.42 Ϯ 2.01) (P ϭ 0.02). There was no difference between the scores of subjects receiving sham EA and minimal EA (P ϭ 0.61).
With regard to stimulation intensity (electric current) the currents used in real EA (5.41 Ϯ 2.74 mA) and sham EA (5.05 Ϯ 2.11 mA) were not significantly different in paired comparison (Wilcoxon signed ranks test, P ϭ 0.3), and both were significantly higher than that used for minimal EA stimulation (3.22 Ϯ 1.12 mA) (P ϭ 0.01 for both). No current was applied in mock EA (Fig. 2) .
Brain Activation
Multisubject analysis. The results of the multi-subject analysis are summarized in Tables 2 and 3 and Fig. 3 . Table 2 lists the results of mock EA and minimal EA compared to resting state and the comparison of minimal EA versus mock EA. Table 3 lists the results of sham EA and real EA compared to resting state and the comparison of real EA versus sham EA. The surface-rendered maps of the activation foci are displayed in Fig. 3 . The foci of deactivation (i.e., decreased signal intensity) are shown in Fig. 4 .
There were no significant activation foci as a result of mock EA (seven subjects) compared to resting state. In the comparison of minimal EA versus resting state (eight subjects), there was right-side activation of the supplementary motor area, superior temporal gyrus (encompassing the auditory cortex), medial occipital cortex (encompassing the visual cortex), thalamus, and prefrontal and inferior parietal cortices and left-side activation of cerebellum (Fig. 3A) .
FIG. 2.
Bar charts (mean ϩ standard deviation) of psychophysical response of needling sensation (DeQi scores) and electric current (mA, mini-Ampere) in the four models of stimulation. All comparisons were significant (P Ͻ 0.05) except the pairs labeled with * and **.
In the comparison of minimal EA versus mock EA, there was right-side activation of medial occipital cortex (Fig. 3B ).
In the comparison of sham EA versus resting state (15 subjects), there was right-side activation of the primary somatosensory-motor, supplementary motor, 
Note. Height threshold, t ϭ 4.38 (P Ͻ 0.05, corrected for multiple comparison); spatial extent threshold, 15 voxels (for hypothalamus, no extent threshold was used). N, number of individuals showing activation at threshold of t ϭ 2.37 (P Ͻ 0.01, uncorrected); extent threshold ϭ 0 voxel. NA, nonapplicable, since minimal EA and mock EA were not performed on same subjects. Talairach's x ϭ right-left, y ϭ anterior-posterior, z ϭ superior-inferior. superior temporal gyrus, and thalamus, bilateral activation of secondary somatosensory and cerebellum, and deactivation of rostral segment of anterior cingulate cortex (Figs. 3C and 4) . In the comparison of real EA versus resting state (15 subjects), there was rightside activation of the primary somatosensory-motor, supplementary motor, thalamus, caudal segment of anterior cingulate cortex, superior temporal gyrus, and medial occipital cortex and bilateral activation of the secondary somatosensory, insula, prefrontal and inferior parietal cortices, and cerebellum. There was deactivation over the rostral segment of anterior cingulate cortex (Figs. 3D and 4) . In the comparison of real EA versus sham EA (15 subjects), there was right-side activation of the primary somatosensory-motor cortices and medial occipital cortex and bilateral activation of prefrontal cortices. There was activation also over the hypothalamus and deactivation over the rostral segment of anterior cingulated cortex. The thalamus, secondary somatosensory, superior temporal gyrus, insula, and caudal segment of anterior cingulated cortex showed no significant difference (corrected P Ͼ 0.05) (Figs. 3E and 4) .
A tendency of increasing activation over somatosensory-motor cortices, thalamus, anterior cingulate cortex, and insula was noted with increasing EA parameters and DeQi response. In contrast, the activation pattern in the superior temporal gyrus and the medial occipital cortex showed no such tendency (Figs. 2-4) .
The activation over two areas deserved further mention. Over the hypothalamus, there was subthreshold deactivation by sham EA (t ϭ 2.15) and subthreshold activation by real EA (t ϭ 3.47). These subthreshold changes of signal intensity resulted in the significant activation in the comparison of real EA versus sham EA (t ϭ 5.71). Similarly, there was subthreshold activation by sham EA over the caudal segment of anterior cingulate cortex (t ϭ 2.51); therefore this area showed no significant activation in the comparison of real EA versus sham EA.
Single-subject analysis. The single-subject analysis was focused on the areas showing significant activation/deactivation in the multisubject analysis. The numbers of subjects showing significant activation (uncorrected P Ͻ 0.01) over those areas are reported in Tables 2 and 3 . We confirmed that there were activations over the medial occipital cortex (encompassing the visual cortex, BA 17, 18) and the superior temporal gyrus (encompassing the auditory cortex, BA 41/42) in subjects receiving EA stimulation. However, the activation could be elicited by minimal EA, sham EA, or real EA stimulations. Figure 5 is an example of a subject who showed activation over superior temporal gyrus and medial occipital cortex in response to sham EA (compared to the resting state).
DISCUSSION
In the comparison of real EA at analgesic point GB34 versus resting state, we found several activation areas shared with previously reported areas by manual acupuncture at analgesic acupoints LI4 (Hegu, over dorsal aspect of hand) (Wu et al., 1999; Hui et al., 2000; Hsieh et al., 2001 ) and ST36 (Zusanli, over medial aspect of leg) (Wu et al., 1999; Biella et al., 2001) . These areas, including thalamus, anterior cingulate, insula, and cerebellum, are also part of the reported neuromatrix of pain (Ingvar and Hsieh, 1999; Biella et al., 2001) . The consistent pattern of activation elicited by real acupuncture at three different analgesic acupoints from five independent studies, including the present study, supports the notion that acupuncture analgesia may relieve pain by modulating the hypothalamuslimbic system (Wu et al., 1999; Hui et al., 2000; Hsieh et al., 2001; Biella et al., 2001) .
With our designations, the difference between sham EA and real EA was limited to the needling point. Accordingly, the comparison of real EA versus sham EA was expected to reveal the acupoint-specific response in the human brain (Lao et al., 2001 ), which we found to be activation over the primary somatosensorymotor cortex and the hypothalamus and deactivation over the rostral segment of anterior cingulate cortex. In contrast, the activation over caudal segment of anterior cingulate cortex, insula, secondary somatosensory cortex, thalamus, and cerebellum was not significantly related to needling point (Figs. 3 and 4) . It should be noted that the sham EA in the present study   FIG. 3 . Surface-rendered activation maps on standard structure template by multisubject analysis. (A) Minimal EA compared to rest state (8 subjects). Right-side involvement of supplementary motor area, superior temporal gyrus, medial occipital cortex, thalamus, and prefrontal and inferior parietal cortices and bilateral involvement of cerebellum. (B) Minimal EA (8 subjects) compared to mock EA (7 subjects). Right-side involvement of medial occipital cortex. (C) Sham EA compared to rest state (15 subjects). Right-side involvement of primary somatosensory-motor, supplementary motor, superior temporal gyrus, and thalamus and bilateral involvement of secondary somatosensory cortices and cerebellum. (D) Real EA compared to rest state (15 subjects). Right-side involvement of primary somatosensorymotor, supplementary motor, thalamus, anterior cingulate cortex, superior temporal gyrus, and medial occipital cortex and bilateral involvement of secondary somatosensory, insula, prefrontal, and inferior parietal cortices, and cerebellum. (E) Real EA compared to sham EA (15 subjects). Right-side involvement of medial occipital cortex, primary somatosensory-motor, and hypothalamus and bilateral involvement of prefrontal cortex. No activation foci were noted in superior temporal gyrus. Map of mock EA compared to rest state was not shown since no activation foci survived. The superior temporal gyrus encompasses the auditory cortex and the medial occipital cortex encompasses the visual cortex. also elicited DeQi in some cases, which was different from the previous studies using placebo or minimal acupuncture devised to elicit no DeQi at all as controls (Hsieh et al., 2001; Biella et al., 2001) . This may explain why there was remarkable overlapping between the activation areas by sham EA and real EA in our findings. Furthermore, we consider the overlapping to support the clinical facts that acupuncture analgesia at sham points works in about 33-50% of patients with chronic pain, while true points work in about 55-85% (Richardson and Vincent, 1986) . Nonetheless, the pattern of activation of hypothalamus and deactivation of anterior cingulate cortex by real EA compared to sham EA confirmed our previous proposition that acupuncture at analgesic acupoints activates the pain neuromatrix, i.e., the hypothalamus-limbic system (Wu et al., 1999) .
It is interesting to explore whether there is additional evidence of acupoint-brain correlation other than the analgesic aspect of the acupuncture effect. colleagues (1998, 2001) reported that acupuncture at eye-related acupoints (Gallbladder 37, Bladder 67) and ear-related acupoints (Gallbladder 43) correlated with activation over visual cortex and auditory cortex, respectively. In the present study, with real EA at acupoint GB34 (an important acupoint of the Gallbladder meridian), we also found activation over the medial occipital cortex (encompassing the visual cortex) and superior temporal gyrus (encompassing the auditory cortex). It is interesting to note that GB37, GB43, and GB34 all belong to the Gallbladder meridian and are capable of eliciting activation over the auditory or visual cortex. Future study comparing different meridians may help to define the role of the central pathway of meridians.
However, we found that activation over auditory cortex and visual cortex by EA was not limited to real EA. Sham EA also elicited auditory cortical activation as strong as that by real EA; in addition, minimal EA elicited strong activation over medial occipital cortex relative to that of mock EA (corrected P Ͻ 0.001). Our findings suggest that acupuncture-induced activation over medial occipital cortex and superior temporal gyrus was not an acupoint-specific phenomenon.
In a study of pain perception, Craig and colleagues (1996) demonstrated visual cortical activation (in their Fig. 1 , without discussion) during thermal pain (47°C vs 34°C), but not during warm (40°C vs 34°C) in PET scan. In a study of visceral pain, Baciu and colleagues (1999) reported visual cortical activation (in their Fig.  1 and Table, without discussion) during rectal pain in subjects who kept their eyes closed during fMRI scanning. These examples in nonacupuncture experiments strengthen our proposal that activation over the medial occipital cortex and superior temporal gyrus might be elicited by somatic-visceral sensory stimulation.
Although the underlying neurophysiological mechanism responsible for our findings of medial occipital cortex and superior temporal gyrus activation by minimal EA, sham EA, or real EA is elusive, we suspected that it related to a little-explored sensory cross-modality interaction. This is different from the known interactive inhibition between the visual and the auditory cortices (Kawashima et al., 1995) . In addition, the activation over superior temporal gyrus and medial occipital cortex may relate to the complexity of somatotopic projection and the functional organization of thalamocortical relays (Sherman and Guillery, 1996) , which means that the activations are in fact not conveying auditory and visual perception per se. This postulation is supported by the fact that our subjects did not experience any visual or auditory perceptions while their medial occipital cortex or superior temporal gyrus showed activation.
It is very interesting and unexpected to find that minimal EA elicited strong medial occipital cortical responses. We speculated that this finding was the result of coincidental (but not intentional) usage of extrameridian nonclassical acupoints in our minimal EA. The existence of extrameridian nonclassical acupoints capable of producing strong therapeutic effect has been noted for long (Beijing College of Traditional Chinese Medicine et al., 1993; Stux and Pomeranz, 1998; Mann, 1998) . Since such points are continuously being explored and reported, it might be difficult to avoid them intentionally. In other words, minimal EA at another nonmeridian location may not necessarily produce similar brain activations. It should be also noted that superficial and light stimulation, instead of deep and strong stimulation, has been used as the mainstream in Japanese "shallow" acupuncture (Macdonald et al., 1983; Birch and Ida, 1998) . We suggest that further study is required to clarify whether minimal acupuncture can serve as a placebo control (Yamashita and Tsukayama, 2001) .
We found there to be individual variation of the cortical activation patterns elicited by EA stimulation (Tables 2 and 3 ). We think that this finding may underline the clinical observations that there are "nonreactors," "normal reactors," and "strong reactors" of therapeutic response in subjects receiving acupuncture treatment (Beijing College of Traditional Chinese Medicine et al., 1993; Mann, 1998; Stux and Pomeranz, 1998) . For this reason, our multisubject analysis was performed with a fixed-effect model, since we were examining the group result from the subjects in this pilot study only.
Finally, while EA has the advantage of objective settings of stimulation parameters, it is certainly possible that EA and manual acupuncture elicit different brain reactions. For example, the primary somatosensory cortex showed strong activation in real EA compared to that in sham EA in the present study, but not in previous studies using manual acupuncture (Hsieh et al., 2001; Biella et al., 2001) . Future study with intrasubject crossover design of manual and electric acupuncture may help to characterize the brain mapping of these two modalities. Nonetheless, we consider both methods appropriate paradigms to explore the central effect of acupuncture.
We conclude that EA is an appropriate method to explore the central effect of acupuncture stimulation, which is enhanced by the use of multiple models of control EA to extract different aspects of acupuncture effect. The hypothalamus-limbic system was significantly modulated by EA at acupoints rather than at nonmeridian points, while visual and auditory cortical activation was not a specific response of treatmentrelevant acupoints and requires further investigation of the underlying neurophysiological mechanism.
